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Abstract
Skidding operations induce changes in soil physical properties, which have the potential to 
impact soil sustainability and forest productivity. Our objective was to investigate the effects 
of traffic frequency, trail slope, and soil moisture content on soil compaction, total porosity 
and rut depth. Treatments included a combination of three different traffic intensities (3, 7, 
and 14 passes), three levels of slopes (< 10%, 10–20% and > 20%), and two levels of soil 
moisture content (18% and 32%). Soil bulk density and total porosity were measured as 
0.75 g cm-3 and 71%, respectively, along the undisturbed area. The results show that bulk 
density, total porosity and rut depth on skid trails were significantly affected by traffic fre-
quency, skid trail slope and soil moisture content. As the skidder passed, skid trail slope and 
soil moisture content increased, increasing significantly the average bulk density. Bulk den-
sity draws near the critical value after 7 and 14 passes, respectively, at higher and lower soil 
water content. At each moisture content, the increase of slope > 20% caused a significant 
increase of the average bulk density. Total porosity on the skid trail was measured from mini-
mum 45% (14 passes and slope > 20%) to maximum 58% (3 passes and slope < 10%) at 
higher soil water content, and minimum 49% (14 passes and slope > 20%) to maximum 68% 
(3 passes and slope < 10%) at lower soil moisture content. Rut depth was recorded at 7 and 
14 passes at high and low soil water content, respectively, and it increased with the slope. The 
results show that slope and moisture content had strong effects on soil disturbance.
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Fig. 1 Treatment set-up with sample lines within plots
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average soil bulk density on the skid trail was mini-




Table 1 Effect of skidder passes on dry bulk density, g cm–3
Passes
Soil moisture content, %
18 32
Slope, % Slope, %
0–10 1–20 (> 20) 0–10 10–20 > 20
Undisturbed 0.73 d 0.72 d 0.77 d 0.74 c 0.75 c 0.79 c
3 0.83 c 0.84 c 1.1 c 1.09 b 1.12 b 1.29 b
7 1.087 b 1.09 b 1.23 b 1.26 a 1.32 a 1.42 a
14 1.21 a 1.24 a 1.34 a 1.31 a 1.37 a 1.48 a




In	 all	 skidder	passes	 and	 skid	 trail	 slope	 treat-
ments,	dry	bulk	density	increased	considerably	with	
an	increase	in	soil	moisture	content	(Fig.	4).
Fig. 2 Illustration of the technique used for rut depth measurement 
(LT: left rack trail, RT: right rack trail)
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Fig. 3 Effect of skid trail slope on dry bulk density, g cm–3 Fig. 4 Average bulk density of skid trail with different soil moistures
Table 2 Effect of skidder passes on total porosity, %
Passes
Soil moisture content, %
18 32
Slope, % Slope, %
0–10 10–20 > 20 0–10 10–20 > 20
Undisturbed 71.52 a 71.76 a 70.02 a 71.5 a 71.29 a 69.94 a
3 68.54 b 68.06 b 58.62 b 58.80 b 56.43 b 51.29 b
7 58.81 bc 58.96 bc 54.62 bc 52.34 c 50.83 c 47.45 c
14 54.27 c 52.83 c 49.35 c 50.18 c 48.00 c 45.708 c
changes	were	influenced	significantly	by	the	number	
of	skidder	passes	(p	<	0.05),	skid	trail	slope	(p	<	0.05),	






























mean	 bulk	 density	 after	 skidding.	 Total	 porosity	
Table 3 Effect of skidder passes on rut depth (cm)
Slope




0–10 8.5b 7.4b 15.2 b
10–20 13.7 ab 11.1ab 24.6 ab
> 20 20 a 15.3a 34.5 a
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tween	1.40	and	1.55	g	cm-3 is considered as the critical 
level	at	which	plant	roots	cannot	penetrate	into	soils	
with	light	and	medium	texture	(Kozlowski	1999).	Our	

















compaction	 in	 the	steep	 trail,	which	 indicated	 that	
during	ground	skidding	slope	had	a	strong	impact	on	
soil	porosity	(Fig.	7).	Besides	skidder	traffic	frequency	
Fig. 5 Effect of slope on average rut depth, cm
Fig. 6 Effect of traffic frequency on the increase of dry bulk den-
sity, %
4. Discussion
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8%,	 respectively.	 In	 contrast,	 the	 changes	 of	 these	
properties	on	the	surface	of	dry-weather	harvested	


































may	 occur	 because	 the	 rear	 compressed	 tires	 roll	
shorter	radius	than	the	front	wheels	(Najafi	et	al.	2009).	




































significantly	affected	by	 traffic	 intensity,	 skid	
trail	slope	and	soil	moisture	content.
Fig. 7 Effect of slope on total porosity, %
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tems	 of	wood	 extraction	 from	 forests	 on	physical,	
chemical	 and	micromorphological	 regeneration	 in	
northern	forest	of	Iran«,	which	was	sponsored	by	Iran	
National	Science	Foundation	–	Depute	of	Science	and	
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